In the Western North Pacific (WNP), the atmospheric low-level convergence is one of the main factors that influences the genesis of tropical cyclones (TC). It has been observed that the timing of the seasonal maxima in the low-level convergence and TC genesis has shifted since the mid-1990s from mid-August to late-July, with this shift having also affected the number of TC. A multidecadal frequency of 20 years was revealed in the timing variation of the tropical intraseasonal oscillation (ISO) in the Western Pacific, in which a weak WNP low-level convergence in spring may trigger an advanced ISO phase in summer and vice versa. The present diagnostic analysis does not identify any prominent oceanic variations associated with these multidecadal variations in the summer ISO or in the spring setup of the ISO. The atmospheric circulation does show an anomaly, which suggests an intensified extension of the subtropical high. The possible mechanism may be related to stochastic low-frequency variability of the atmosphere, which acts to influence the seasonal evolution of the WNP low-level convergence.
Introduction
The Western North Pacific (WNP) features the highest population of tropical cyclones (TCs) compared to any other ocean basin [1] . Climatologically, the frequency of TC peaks in the month of August with the occurrence of approximately 6 cyclones. This seasonal increase in the TC activity during August accompanies the revival phase of the East Asia-WNP summer monsoon lifecycle [2] . The number of WNP TCs has declined in the recent decade [3, 4] , which is possibly due to the strengthening of the vertical wind shear and intensification of the subtropical high. In August 2014, WNP had a remarkably quiet TC season without a single TC having formed. This dramatic reduction in the TC activity created a "typhoon drought" in Taiwan, causing severe water shortage [5] . After analyzing the anomaly that occurred in August 2014, Hong et al. [6] suggested that the positive sea surface temperature anomaly (SSTA) in the eastern North Pacific reduced the Walker circulation, which formed a marked divergent anomaly that suppressed TC formation. Intrigued by the remarkable inactivity of TCs in August 2014 and how this event seems to be embedded in the recent decline in the TCs, we decided to investigate the timing or seasonality change in the WNP circulations.
TC genesis in the WNP is affected by multiple factors, including the warm sea surface, upper-ocean heat content, tropospheric water vapor, intensity and eastward extension of monsoon trough, weak vertical wind shear and large-scale low-level convergence [2, 7, 8] . All these factors are influenced by the intraseasonal oscillation (ISO). Climatologically, the low-level convergent circulation exhibits a spatial correspondence of the convergent center with the TC geneses, which is illustrated in Figure 1a by the mean 850-hPa velocity potential (VP) during June-October and the presence of divergent winds. The seasonal variations of VP and TCs are modulated by the tropical ISO [9] [10] [11] [12] [13] . At the same time, the ISO and TC activities are affected by interannual variations, such as the El Niño-Southern Oscillation (ENSO) [14] [15] [16] [17] . Consequently, both the intraseasonal and interannual variations as well as the lower-frequency or decadal variability collectively affect the strength and position of the monsoon trough and subsequent TC geneses [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Despite these previous studies focusing on the WNP TC activity, there has been a lack of studies systematically investigating the timing change of TCs. In this study, we report apparent multi-decadal timing fluctuations in the TC genesis and large-scale low-level convergence. Furthermore, we include a discussion of the possible causes. The paper is arranged as follows: Section 2 presents the data sources; Section 3 shows the empirical analysis results; Section 4 discusses the possible mechanisms causing the changes in the timing of TC occurrence; and Section 5 is the summary.
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Data
The following TC track and global reanalysis datasets were used: Joint Typhoon Warning Center (JTWC) best tracks, the National Centers for Atmospheric Research/National Center for Atmospheric Research reanalysis (NCEP1) daily variables from 1948 to 2016 [20] and the NOAA Extended Reconstructed Sea Surface Temperature version 5 (ERSSTv5) monthly data [21] . For the comparison of the long-term variability among the different reanalysis products, we also analyzed the Japan Meteorological Agency Japanese 55-year Reanalysis (JRA-55) [22] , National Oceanic and Atmospheric Administration 20th Century Reanalysis Version 2 (NOAA 20C) [23] [24] [25] and European Centre for Medium-Range Weather Forecasts Re-Analysis 20th Century (ERA 20C) reanalysis data [26] .
Empirical Analysis
To examine the variation in the timing of the WNP's low-level convergence, we plotted the yearly and seasonal distributions of the daily 850-hPa velocity potential (VP) averaged over the convergent center • N, 120-160 • E; blue box in Figure 1a ) during June-October over the time period of 1948-2017 (with the years on the y-axis and days on the x-axis) in Figure 1b . The corresponding 5-day-mean (pentad) TC counts are plotted in Figure 1c . A TC genesis on 2 January is counted in the period of 1-5 January and so forth. The post-1999 decrease in the August-September TC numbers was also revealed, which was noted by earlier studies [3, 4] . Visual examination of Figure 1b ,c shows a discernable timing shift on the multidecadal timescale. Within the TC season (x-axis), the concurrences of TC genesis and VP resemble that of the ISO, such as the one episode indicated by the green dashed lines. Combined with the yearly evolution (y-axis), these intraseasonal episodes appear to have advanced since the late 1990s. Before the 1990s, the timing of VP and TC genesis tends to persistently advance or delay every few years. This timing variation implies a change in the peak TC frequency between August and July. By plotting the corresponding TC genesis anomalies in Figure 1d (applied with a 5-year moving average), it appears that the number of July TCs oscillates inversely with the number of August TCs, which is demonstrated by the semi-periodic reversal of the two numbers every decade or two (indicated by the shading between the two time series).
To highlight the predominant intraseasonal variability, both the VP and TC numbers were further smoothed with the bandpass filter of 20-100 days, which are shown in Figure 1e To qualitatively depict this seasonal variation, an empirical orthogonal function (EOF) analysis was conducted on the filtered VP (using data from Figure 1e ) to examine how the time-mean circulation anomalies affect the seasonality of transient weather patterns, which was achieved by following the method of Wang et al. [27, 28] . Conventionally, for climate diagnostics, the EOF analysis is performed on a spatial matrix varying in the time dimension. In this case, the EOF analysis was applied on two temporal dimensions by treating the VP's daily interval as a field of variance (as in the spatial dimension) and its yearly interval in time. This produces a set of EOFs representing the daily variation and another set of principal components (PCs) representing the yearly variation of the daily evolution patterns. Furthermore, the covariance explains how the daily/seasonal distribution of VP changes in each year. By focusing on 1 July through 10 September, the first two EOFs of the filtered VP represent the temporal displacement of the climatological peak of VP. As shown in Figure 2a , EOF 1 presents a predominant intraseasonal variation with an opposite phase between July and August, which is temporarily in-quadrature with the climatological VP evolution (shaded curve). Thus, this suggests either an advancement or delay from the 1 August peak in VP. EOF 2 (Figure 2c ) is in-phase with the climatological VP and it depicts either an amplification or weakening of the climatological peak of VP. Judging from the reconstruction of yearly evolution in the PC time series (Figure 2b,d ) and the relevant variance of VP (Figure 2a,c) , this reconstructed pattern suggests that the peak VP convergence has occurred earlier in late July/early August around the year of 2005 (PC2), before having changed to middle July after the year of 2010 (PC1). These results are consistent among the four reanalysis datasets analyzed, which is shown in Figure 2 by the time series of different colors. By subjecting these PC time series to the power spectral analysis (results in Supplemental Figure S2 ), we showed that the low-frequency shifts of the VP seasonality occur every 20 years or so, which signifies a multidecadal variability.
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We next investigated the physical meaning of the multidecadal variation reflected in the PC time series by examining their associated change in the large-scale mean circulations. By regressing the bandpass-filtered VP with the PCs, the resultant pattern (Supplemental Figure S3a,b) revealed a wave-1 low-level convergence dipole with an eastward propagation that is similar to the Madden-Julian oscillation (MJO) [29, 30] . The regressed stream function pattern (Supplemental Figure S3c,d) showed MJO-like patterns with the variations of North Pacific subtropical height and monsoon trough, which is consistent with the findings of Knutson and Weickmann [31] . In addition, previous studies [32, 33] have shown that the MJO activity varies with the mean-state variations in the WNP VP/TC.
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The following analysis explores the physical relationship between the multidecadal variations in WNP VP and ISO. To depict the primary driver of ISO, namely the MJO, we adopted the Real-time Multivariate MJO index 1 and 2 (RMM1 and RMM2) [34] . For this present study, the daily values of RMM1 and RMM2 were obtained from the Australian Bureau of Meteorology (http://www.bom.gov.au/climate/ mjo/). The RMM1 and RMM2 indices, which were approximately in quadrature, were used for the monitoring of the phases and amplitude of the westerly propagation MJO. We computed the sliding correlation between RMM1&2 and the area-averaged WNP VP (from Figure 1a , blue box) within a 61-day running window throughout each year from 1979 to 2017 (Figure 5a,b) . Since RMM1 represents the outgoing longwave radiation (OLR) and large-scale divergence in the Maritime Continent near our studying region, its sliding correlations with the WNP VP were positive and significant (r = ±0.32, p < 0.05) in all seasons. The RMM2 sliding correlation (Figure 5b) showed an annual cycle of correlation coefficient with a positive (negative) correlation in boreal summer (winter), which suggests the seasonal meridional shift of the VP circulation. 
The following analysis explores the physical relationship between the multidecadal variations in WNP VP and ISO. To depict the primary driver of ISO, namely the MJO, we adopted the Real-time Multivariate MJO index 1 and 2 (RMM1 and RMM2) [34] . For this present study, the daily values of RMM1 and RMM2 were obtained from the Australian Bureau of Meteorology (http://www.bom.gov.au/climate/mjo/). The RMM1 and RMM2 indices, which were approximately in quadrature, were used for the monitoring of the phases and amplitude of the westerly propagation MJO. We computed the sliding correlation between RMM1&2 and the area-averaged WNP VP (from Figure 1a , blue box) within a 61-day running window throughout each year from 1979 to 2017 (Figure 5a,b) . Since RMM1 represents the outgoing longwave radiation (OLR) and large-scale divergence in the Maritime Continent near our studying region, its sliding correlations with the WNP VP were positive and significant (r = ±0.32, p < 0.05) in all seasons. The RMM2 sliding correlation (Figure 5b) showed an annual cycle of correlation coefficient with a positive (negative) correlation in boreal summer (winter), which suggests the seasonal meridional shift of the VP circulation. The seasonal migration of solar heating profoundly impacts global circulation, such as the Intertropical Convergence Zone (ITCZ), and this could influence the low-level convergence of RMM2-related VP in WNP. Zhang and Dong [35] have shown that the variation of MJO low-level moisture convergence was associated with the seasonal migration of ITCZ and thus, springtime MJO phases could be used to predict the variation and timing of summertime MJO and WNP VP. To further understand the possible connection between the summer and spring, we plotted the yearly distribution of daily RMM1, RMM2, and WNP VP during two periods in which the low-level convergence shifts: July-August (Figure 5c ) and August-July (Figure 5d) . The RMM1 has similar distributions to the WNP VP, while RMM2 shows similar patterns in summer. It appears that the timing shifts of RMMs and VP starting in spring have a constant phase speed that persists into summer. This result was associated with the wavenumber-1 structure of the regressed VP (Figure 4a ), which apparently modulates the MJO strength and timing. Previous studies have indicated that the tropical convections can impact the propagation speed of MJO [36] [37] [38] [39] , suggesting a lingering effect on the subsequent MJO development. However, we have not yet identified the source of springtime anomalies in the WNP VP due to the lack of tropical oceanic features.
Summary
The low-level convergence in WNP is the major factor of the atmospheric circulation influencing the TC genesis in this basin. The analysis shows that the timing of peak low-level convergence has undergone a multidecadal variation that shifts between July and August, affecting the seasonality of TC genesis. Since the mid-1990s, the timing shift in the low-level convergence from August to July has been persistent, which has been accompanied by an observed decrease in TC numbers. Our analysis indicated that the timing variation of the low-level convergence was associated with a corresponding shift in the timing of the tropical ISO or the MJO. Regression analysis shows that this multidecadal variation may be related to a large-scale low-level convergence anomaly in the Western Pacific that begins in spring and lasts through early summer, although the sea surface temperature anomalies did not reveal any significant or recognizable patterns. We found that the MJO phase occurring in late spring can be a precursor determining whether the peak low-level convergence would occur in July or August, but what drives the apparent multidecadal variation in the springtime MJO remains unclear. Further research is necessary to comprehensively understand the possible mechanism of the natural low-frequency variation in the timing of the ISO. 
Conflicts of Interest:
The authors declare no conflict of interest. The founding sponsors had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the decision to publish the results.
